ABSTRACT
INTRODUCTION
The need for efficient image de-noising techniques has grown with the huge production of digital images. No matter how good cameras are, image improvement is often desirable to extend their range of action [2] . A digital image is often corrupted by some noise native in the production process and equipment, or injected into the image during its transmission. There are different types of noise appearing in images, such as impulse noise, uniform noise, Salt-and-Pepper and additive Gaussian noise [2, 3, 6] . Noise is present in an image either in an additive or multiplicative form [11] as formulated below:
Additive noise : w (x, y) = s (x, y) + n (x, y) Multiplicative noise : w (x, y) = s (x, y) × n (x, y) where s(x,y) is the original image, n(x,y) is the noise introduced into the image producing the corrupted image w(x, y), and (x,y) represents the pixel location [10, 11, 12] . Figure 1 shows the denoising concept by applied linear operation noise n(x,y) added to the image s(x,y) to form the noisy image w(x,y), then applied de-noising technique to produce the restored image z(x,y). The best way to test the effect of noise on a standard digital image is to insert Additive Gaussian Noise AGN [2] as the possibility of seeing this type of noise in real life images is greater than other types [2, 3] . AGN is used in this research; and, noisy image with AGN becomes more difficult during image de-noising process.
The Gaussian noise is defined by the following probability density function F of Gaussian random variable in Eq. 1 [10, 11, 12] : variance of the noise
The proposed de-noising scheme is being introduced in the following section; its four variations also considered in search of excellence. Section 3 takes up experimental testing of the proposed schemes. Section 4 provides discussion and Section 5 conclusions.
PROPOSED DE-NOISING SCHEME
In digital image processing, de-noising technique used in order to reduce, or if possible remove, noise without losing detail. There are various de-noising techniques. Gaussian noise can be reduced using a spatial filter. While smoothing an image, the blurring of fine-scaled image edges and details is possible for they correspond to the high frequencies blocked by the process. Among the spatial filtering techniques conventionally employed for noise removal are mean (convolution) filtering, median filtering and Gaussian smoothing. Most of the standard algorithms used for de-noising perform an individual filtering process. The result decreases the noise, but the image is blurred or smoothed at lines and edges due to high frequency losses.
In order to effectively reduce the noise with minimum adverse outcome, this research examines employing various filters and wavelet transform in analyzing a digital image in useful sub-bands. Wavelet transform and filtering, as well as a median filter are widely used individually for image de-noising. In this work, we explore combinations that would produce better outcome for digital image de-noising.
Digital image de-noising using Discrete Wavelet Transform (DWT) approach is being highlighted in the following steps:
1. Apply DWT on the noisy image to split it into four sub-bands (A, H, V, D) by using wavelet filter families [6, 4] : maximum pixel value of grayscale image that is used in this work which equals to 255.
Thresholding is a simple and effective method of image segmentation used to generate digital images from a grayscale image. As such, threshold technique is used beneficially for digital image de-noising. Threshold technique is used in this study in digital wavelet domain. As it is also dependent on the capabilities of wavelet transform for removing noise, the best choice of threshold value would provide great de-noising [3, 7] . The selection of the threshold value is an important factor for it determines which pixel values are to be kept or deleted in a sub-band. In this study one level of DWT decomposition is applied and the threshold value is compared against all the pixels at each detail bands (H, V, and D). Therefore, a good threshold value would lead to less distortion of the image [3, 5, 7] . Where: : The standard deviation (STD) m : the mean n : the number of pixels in the sub-bands xi : sub-band.
Threshold plays a major role in removal of noise from images because de-noising most frequently produces smoothed images, also reducing their sharpness [7, 9, 15] . Table 1 displays the estimated values of noise ratio, obtained by applying equation 5 at various noise levels. In this paper, two algorithms are considered for digital image de-noising based on using median filter combined with DWT: the two classic de-noising methods depending on applying the DWT only or the median filter only and mixing between the two techniques. In the following, the flow diagrams illustrate each test case of the image de-noising methods. According to the analysis of these sub-bands, digital image de-noising algorithm is applicable on the following four cases.
THE FIRST CASE: APPLYING DWT ONLY
In this case, only DWT is applied as de-noising technique in order to obtain sub-bands (Approximation band, A, and detail bands H, V, and D). Equation 5 is used to estimate the noise in the sub-band D, equation 6 is used to determine standard deviation for the detail sub-bands, then equation 4 is used to find the threshold value for each sub-band. Pixel values of each subband are compared against the band threshold value. If the pixel value is greater than the threshold value, then it is set to zero. Otherwise, next pixel is processed (see equation 7). This process is repeated until all the pixels are handled. At this time, IDWT is applied on de-noised sub-bands. MSE and PSNR values are computed using equations 2 and 3 on the de-noised and the original images. A block diagram of the process flow for this case is being displayed in Figure 2 . 
THE SECOND CASE: APPLYING MEDIAN FILTER ONLY
In this case, only median filter is used to apply de-noising technique on the noisy image, consequently obtaining the de-noised image then calculate MSE and PSNR as in case one. Figure  3 shows the block diagram for this second proposed method. 
THE THIRD CASE: APPLYING MEDIAN FILTER BEFORE COMPUTING THE THRESHOLD VALUE
In this case, DWT is applied on the noisy image to obtain detail sub-bands. Then, the median filter is applied on each sub-band independently using the equations 4, 5 and 6. Then IDWT, MSE and PSNR are calculated as in case one. Figure 4 shows the block diagram for the third case, Median filter before threshold. 
THE FOURTH CASE: APPLYING MEDIAN FILTER AFTER COMPUTING THE THRESHOLD VALUE
In this case, median filter is applied after computing the threshold value. All steps are as in case one, except the Median filter is applied on the sub-bands after applying threshold value and before the IDWT. Finally, MSE and PSNR values are computed as before. Figure 5 shows the block diagram for the fourth case, Median filter after threshold. 
EXPERIMENTAL RESULTS
The above-mentioned cases of the proposed methods were implemented in MATLAB (R2015a). In this implementation of the algorithm and running the subsequent tests, five standard sample grayscale images sized 256×256 pixels each were used in generating the noisy images. The noise type was Additive Gaussian Noise (AGN) with zero mean (m=0) and the noise intensity values ranging from σ=15, σ=20, and σ=25. The ratio of the additive noise in the noisy image content was unknown by the image de-noising method. For this reason, the Robust Median Estimator was use in order to estimate the amount of noise in the image by the equation 5 [1] .
Then, the standard deviation of each sub-band was computed to use it in equation 4 in order to calculate the threshold value for each sub-band by using equation 7 as follows: To calculate the PSNR values, firstly the de-noised image was generated by applying IDWT on the de-noised sub-bands. Such IDWT use was part of all proposed cases above except the second one. The sample original images were Lena, Barbara, Camera, Fruits, and Butterfly. Upon adding AGN in different levels to the original image, and by applying DWT with one stage of analysis on noisy image to obtain high frequency sub-bands HH, HL and LH, in all four cases, the results of the PSNR values are shown in Table 2 . Corresponding images are being displayed in Figures 5-9 below. Table 2 : PSNR values for four cases with different noise levels. respectively,(c1,c2,c3) de-noising by median filter only,(d1,d2,d3) de-nosing by applying median filter before threshold Figure 6 : Result of the best PSNR value on de-nosing Barbara image by median filter only and applying median filter before threshold, (a) original image , (b1,b2,b3) noisy image that corrupted by noise ratio=15,20,25 respectively,(c1,c2,c3) de-noising by median filter only,(d1,d2,d3) de-nosing by applying median filter before threshold. Result of the best PSNR value on de-nosing Camera image by median filter only and applying median filter before threshold, (a) original image , (b1,b2,b3) noisy image that corrupted by noise ratio=15,20,25 respectively,(c1,c2,c3) de-noising by median filter only,(d1,d2,d3) de-nosing by applying median filter before threshold Figure 8 : Result of the best PSNR value on de-nosing Fruits image by median filter only and applying median filter before threshold, (a) original image , (b1,b2,b3) noisy image that corrupted by noise ratio=15,20,25 respectively,(c1,c2,c3) de-noising by median filter only,(d1,d2,d3) de-nosing by applying median filter before threshold Figure 9 : Result of the best PSNR value on de-nosing Butterfly image by median filter only and applying median filter before threshold, (a) original image (b1,b2,b3) noisy image that corrupted by noise ratio=15,20,25 respectively,(c1,c2,c3) de-noising by median filter only,(d1,d2,d3) de-nosing by applying median filter before threshold
DISCUSSION
The summary of the comparative analysis of PSNR values for five tested images, namely Lena, Barbara, Camera, Fruits and Butterfly, at different level noises, are being displayed in table 2 and the images themselves in figures 5,6,7,8, and 9. The efficiency of the proposed de-noising methods was dependent on the nature of the image; for example, applying only median filter has a good effect on Lena, Camera and Fruits images. Their images reveal a smooth texture. However, the proposed methods of applying median filter before and after threshold on Barbara and Butterfly produces coarse texture images. Therefore, median filter before and after threshold have a better performance and efficiency than applying DWT only, which showed a poor effect compared with other methods. This finding is in agreement with Kumar and Agarwal [10] . We concluded that hybrid filter provides clear images and visually better quality. The mix between using DWT and the median filter have shown significant results and they were able to recover much more detail of the original image, providing a successful way of image de-noising. This finding was consistent with the previous study by Shukla et al [16] .
CONCLUSIONS AND FUTURE WORK
In this research, a new method of image de-noising is proposed. The proposed method employs median filter and adaptive wavelet threshold, using different types of wavelet transform filters. It achieves better PSNR values compared to that of applying DWT or median filter only. The quality of images produced using the proposed de-noising method on the images corrupted with Gaussian noise was compared in terms of PSNR against classic methods for DWT and the median filter each alone. According to experimental results, the proposed method presents best values of PSNR for the de-noised images. The robust median estimator was used to estimate the noise ratio in the noisy images.
In the future, the proposed method can be modified by using more accurate estimation function and other kinds of threshold methods in trying to improve its ability at image de-noising process. 
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